Introduction
elucidation of the life cycle of C. mutabile was Cyclocoelum mutabile (Zeder 1800) is a cosmo-undertaken as a preliminary step in this work. politan parasite which infects the' air sacs of gruiform birds (McDonald 1969) . In North America, C. mutabile frequently occurs in the American coot, Fulica americana (Gm.), and has been reported from at least two areas in Canada: Alberta (Colbo 1965) and Manitoba (this study); and from several localities in the United States: Iowa (Taft 1971) , Florida (Lumsden and Zischke 1963 ; Kinsella 1973) , California (Wootton 1964) , and Nevada (Matthias 1963) .
Although a common parasite of both F. americana and Fulica atra L., the European coot, the life cycle is poorly known and has been described only briefly (Wootton 1964) . As C. mutabile has also been reported from ducks, specifically the Anatidae (McDonald 1969) , a long-term study on the biology of C. mutabile and its effects on coots and ducks is currently in progress. The
Materials and Methods
Stock cultures of Helisoma trivolvis (Carpenter), Gyraulus circumstriatus (Tyron), Physa gyrina (Say), and Lymnaea elodes (Say) reared from egg masses collected in the marsh, and wild-caught Promenetus exacuous (Say) and Armiger crista (L.) were used in experimental infections. The wild-caught specimens were examined for the presence of rediae and for cercarial emergence for 2 weeks before being exposed to C. mutabile miracidia. Cultures were kept at 22-25 "C for the duration of the experiment.
Gravid C. mutabile, obtained from freshly killed coots, were teased apart in well water to release the eggs, which subsequently hatched. Snails were infected when placed singly in petticups (Fisher Scientific) with a single miracidium. Exposure lasted for 4 to 6 h, after which the snails were removed and placed in larger containers. Representatives of each snail species were examined at weekly intervals to follow the development of the molluscan stages.
Twenty metacercariae were fed, by pipette, to each of 10 laboratory-reared coots. The coots were hatched from eggs collected in the Delta Marsh and were maintained on a diet of duck crumbles (Feed Rite Mills, Winnipeg) . The coots were necropsied in pairs 21,28,30,32, and 34 days after infection.
Miracidia, rediae, cercariae, and metacercariae were examined live, unstained, under phase-contrast illumination, or were stained, living, in either neutral red or Nile blue sulfate. In addition, some miracidia were treated with 0.5% AgNO, to outline the epidermal plates. Some rediae were fixed in hot 5% formalin for subsequent sectioning at 8 p. These were stained routinely in haematoxylin and eosin.
All measurements are in microns (p) unless specified otherwise. The average size of 10 or more specimens is given in parentheses along with the size range observed.
Results

Description
Egg Mature eggs of C. mutabile ( Fig. 1) are operculate, oval, brown, 110-120 x 61-72 (1 12 x 67), and are fully embryonated when shed from the worm. Eggs shed from mature worms hatch within 2 to 3 h after being placed in water.
Miracidium
The miracidium fills the mature egg, and the anterior end of the miracidium is directed towards the operculum. Free-swimming miracidia are extensible and are about one and one-half times the length of the egg (ca. 165 long). Miracidia, measured live in 0.5% methyl cellulose, are 137-159 x 55-72 (148 x 62) (Fig. 2) . The anterior end of the miracidium is blunt and has a collar of tissue which surrounds the tereboratorium. The latter is 8 in length. Miracidia are uniformly covered with cilia 12-13 long. The anterior cilia, which arise from the collar of tissue surrounding the tereboratorium, beat in a rotary manner. A partially fused eyespot is present in the anterior third of the body. Two flame cells are present and are located at the level of the posterior margins of the second row of epidermal plates. The positions of the excretory pores were not determined. The epidermal plates (Fig. 3) are arranged in four tiers : the anterior tier has four plates and the remaining tiers have seven, four, and two plates respectively.
A single redia is contained within the miracidium and lies in a cavity in the posterior threequarters of the body.
The miracidia are photopositive and swim randomly until a snail is encountered. Attachment may take place immediately or the miracidia may swim around the snail and then either attach or move away. The miracidium partially penetrates the snail and the redia then migrates into the snail tissue. Most rediae enter the snail tissues within 30 min after attachment of the miracidium, while virtually all of the rediae enter the snail tissues within 1 h.
Redia
The rediae contained within the miracidia are 94107 x 33-46 (103 x 42) and possess two posterior appendages which lie slightly anterior to the tail. The pharynx is spherical, 17-23 in diameter, and opens into a sacciform intestine, which measures up to 108 long.
The rediae were visible on the dorsal surface of the head foot of young snails (1-4 weeks old) within a week after infection. Several elongate masses of germinal cells were present at this time but no mature cercariae were seen.
Two weeks after infection the rediae contain up to three nearly mature cercariae. Mature cercariae were not yet present, as evidenced by the lack of metacercariae in the surrounding snail tissues.
Rediae produce mature cercariae 2 to 3 weeks after exposure. At 5 weeks the rediae (Fig. 4 ) vary in size from 0.7 mm to 2.03 mm. The mean length of rediae from each species of snail is given in Table 1 . The rediae recovered from P. exacuous were consistently twice as large as those from other snails.
Each redia produces only a limited number of cercariae and rediae recovered from snails, 5 months after exposure, contained neither cercariae nor germinal masses. The number of metacercariae recovered from P. exacuous at this time (1417) corresponds closely to the numbers recovered from P. exacuous examined 7 weeks after exposure (12-17). Only one redial generation occurs in the life cycle.
Cercaria
Mature cercariae (Fig. 5) are elongate, tailless, and reach a maximum size of 0.55 mm x 0.18 mm. The cercariae have a large, glandular mass 98-1 17 x 288-333 located at the anterior tip. The subterminal mouth lies ventral to the glandular mass. An oral sucker is lacking. A short oesophagus leads to the pharynx (41-46 x 39-42), which in turn leads to the circular caecum. An acetabulum, 68-83 in diameter, is located on the ventral midline about one-third of the distance from the anterior end.
A tract of ducts lies on either side of the midline. These pass dorsal to the caecum and the glandular mass and terminate at pores on the anterior tip of the cercaria.
The cercaria is densely covered with cystogenous glands. These obliterate much of the protonephridial system and only a few of the flame cells were observed.
Usually, only one cercaria of this size was present in the redia. The next largest cercaria was generally conspicuously smaller (385-440 x 140-160) though otherwise identical with the larger one. The cercariae leave the redia and encyst in the surrounding snail tissue.
Metacercariae
The metacercariae (Fig. 6) are spherical 250-270 in diameter, white, and are clearly visible on the dorsal surface of the head foot of live snails under low-power magnification. The cyst wall is conspicuously laminated and is 20-22 thick. The large glandular mass and the acetabulum, seen previously in the cercaria, persist in the metacercarial stage. No significant differences in the average size of the metacercariae from different snail species was observed.
The first metacercariae are produced between 2 and 3 weeks after exposure of the snails to the miracidia. Up to 13 metacercariae were encountered in snails infected for 5 weeks. In two instances, 17 metacercariae were recovered at 7 weeks post exposure.
Development in Snails
As can be seen in Table 1 , all species of snails exposed to miracidia became infected experimentally, although planorbid snails were much more readily infected than either physids or lymnaeids.
Of all the snails exposed, A. crista seems to be the most susceptible but only a few metacercariae (2-5) were recovered from 5-week-old infections. Both H. trivolvis and P. exacuous appear to be equally susceptible to infection with C. mutabile but the largest rediae and the most numerous metacercariae occurred in P. e.uacuous (Table 1 ). The number of metacercariae recovered from G. circumstriatus was comparable to that of A. crista but the percentage of surviving snails infected was much less.
Only 25% of the surviving P. gyrina were infected 5 weeks post exposure. The number of metacercariae present in infected P. gyrina was comparable to that of H. trivolvis. Only a single L. elodes was infected and this specimen harbored 13 metacercariae when examined 9 weeks after exposure.
Development in Coots
All 10 coots, fed with 20 metacercariae each, became infected. The number of worms per infected bird ranged from 2 to 11 (mean 6) and thus it is evident that only a small proportion of worms reach the air sacs to mature.
The first coots, necropsied 21 days post infection, had worms in both the abdominal and thoracic cavities; those in the latter site tended to be located at the junction of the trachea and bronchi. The livers of these coots had conspicuous lesions not observed in control coots but no worms were recovered from liver tissue. Worms recovered from coots necropsied 28 days post infection were located either in the air sacs or at the junction of the trachea and bronchi. What appeared to be mature eggs were present in the uteri of these worms but only a few of these hatched when incubated overnight in well water. Worms recovered 30 days post infection . and thereafter passed eggs which hatched readily within a few hours after being placed in water. The life cycle can thus be completed in a minimum of 45-50 days. Lesions were present on the surfaces of the livers of these coots also but they were less noticeable than those observed at 21 days post infection.
Discussion
The life cycle of C . mutabile described here conforms closely to that described briefly by Wootton (1964) for this species and is similar to that of Cyclocoelum microstomum (Creplin) as described by Ginetsinskaya (1949 Ginetsinskaya ( , 1954 and to Cyclocoelum jaenschi Johnstone and Simpson (Johnstone and Simpson 1940) . Dubois (1959) considered C . microstomum to be a synonym of C. mutabile. Feizullaev (1970) rejected this synonomy and listed characteristic features useful in separating adult worms of the two species. Comparison of the sizes of the various stages described for C. microstomum by Ginetsinskaya and for C. mutabile in this study (Table 2 ) supports Feizullaev's suggestions. The miracidia reported by Ginetsinskaya are twice as large as those recorded in this study, as are the contained rediae. Furthermore, the cercariae observed in this study are much larger than those reported by Ginetsinskaya.
The behavior of the miracidium of C . mutabile observed in this study is similar to that described for C . obscurum (Leidy) by Taft (1973) .
The description of the epidermal plates is only the third for a Cyclocoelum species. Taft (1972) reported that the epidermal plate formula for Cyclocoelum oculeum (Kossack) was 6 :9 :4 :2 and Johnstone and Simpson (1940) reported 15-20 epithelial cells arranged in four rows but the precise number and their arrangement is not known. Judging from their Fig. 2 , however, it appears that the epidermal plate formula of C . jaenschi is closer to that of C. mutabile than to C . oculeum.
Early life history studies in the genus Cyclocoelum have indicated that the degree of specificity for the gastropod host is high. Ginetsinskaya (1949) was able to infect only Lymnaea ovata with C. microstomum; Wootton (1964) was successful only in infecting P. gyrina with C. mutabile while Tart (1973) found that only Gyraulus hirsutus became infected with Cyclocoelum obscurum. Other studies by Taft (1972 Taft ( , 1974 , however, have shown that at least five snail All six snail species can be found associated with vegetation used as food or cover by coots. It is possible that any of these species might therefore be a factor in the transmission of C. mutabile under natural conditions in the Delta Marsh. The experimental evidence, however, suggests that it is likely that planorbid snails are the important intermediate hosts for C . mutabile. Metacercariae of C. mutabile have been reported in several species of snails (Zdarska 1963 ) but as these were not verified by experimental feeding, these reports should be regarded with caution.
The discovery of lesions on the surface of the livers of all experimentally infected coots is consistent with reports of immature cyclocoelids found embedded in the liver tissues of coots (Herber 1961 ; Colbo 1965 ) and gallinules (Lumsden and Zischke 1963). Ginetsinskaya and Saakova (1952) have demonstrated that C. microstomum does undergo a period of development in the liver. The presence of lesions on the livers of experimental coots observed in this study suggests that some of the earlier development of C. mutabile in the definitive host occurs in the liver, from where the worms migrate to the body cavity and ultimately to the air sacs.
Although as many as 35-40 C. mutabile may be present in a single bird, the normal parasite load is usually less than 10 worms. Colbo (1965) reported a mean intensity of 3.5 worms for adult coots and a mean intensity of 6.2 worms for young coots in Alberta. Both figures exceed those recorded from coots collected at Delta, which are 2.8 and 3.9 respectively. The low numbers of worms found in naturally infected coots may be the result of one or a combination of factors. Only a small number of metacercariae are produced in each snail infected with a single miracidium (Table 1) . Preliminary results in other experiments suggest, at least with P. exacuous, that the survival rate of snails exposed to several miracidia is low (unpublished data). Probably then, coots are only exposed to small numbers of metacercariae for each infected snail eaten. Feizuallev (1971) has reported that considerable mortality occurs once cyclocoelid metacercariae excyst and begin to migrate within the final host. This results, ultimately, in the establishment of only a few worms. These factors, either singly or operating together, could result in the low numbers of C. mutabile recorded from wild coots. It is also possible that an existing C. rnutabile infection may result in a resistance to further infection by this species, thus preventing an accumulation of C . mutabile with time. This aspect is presently under investigation.
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